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Abstract 
Composite films of polypropylene (PP) and modified calcium carbonate (CaCO3) were prepared in a twin screw extruder with 
particle content varying from 0.5, 1.0, and 1.5 phr. The CaCO3 surface was modified by palmitic acid (PA) at 1, 3, and 5 %wt. 
The modified CaCO3 surface was characterized by FTIR and XRD to indicate that the modifier is combined on the CaCO3 
surface. The results showed that optimum of PA attached to that CaCO3 surface was 5 %wt. The influence of modified CaCO3 
with and without PA of PP film on the mechanical (tensile strength, Young’s modulus and elongation at break), barrier (OP), 
thermal (DMTA, DSC), physical (XRD, SEM and OM) properties were studied. The results observed that incorporation of 
modified CaCO3 0.5 phr into PP film showed more dispersion than PP with CaCO3. Furthermore, the addition modified CaCO3 
increased tensile strength, Young’s modulus, oxygen permeability and melting point from 22.10 MPa, 984.21 MPa, 3.22u10-17 
m.m3/s.m2.Pa, and 156.16 ºC (neat PP) to 28.38 MPa, 1222.88 MPa, 3.43u10-17 m.m3/s.m2.Pa, and 160.37 ºC (PP/0.5 modified 
CaCO3), respectively. The finding on PP/modified CaCO3 composite films has potential for microwaveable packaging. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of COE of Sustainalble Energy System, Rajamangala University of Technology Thanyaburi 
(RMUTT). 
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1. Introduction 
The packaging  materials can act as a thermal oven in a microwave. The different materials used for packaging 
are described and their thermal and electrical properties compared [1]. Their thermal properties are quite important 
because they may be heated by food packaging. And some hot points may happen to appear and damage the 
package, leading to a large number of consequences, mainly diffusion. 
Isotactic polypropylene (iPP) is very interesting and meaningful work, but mechanical properties of semi-
crystalline polymers are mainly dependent on their molecular weight, the nature of the crystal phase, crystallinity 
and spherulite size [2]. iPP was ordered of methyl group structure compared with syndiotactic and atactic 
polypropylene. iPP exhibits several polymorphs (Į-form, ȕ-form, Ȗ-form and smectic form). The intrinsic 
architecture and extrinsic parameters affect mostly through their influence on crystallization behaviour and 
morphological features, which are probably the most important factors affecting the final physical properties. 
Therefore, controlling the growth rate and tailoring the proportion of different polymorphs is extremely important 
for iPP applications. iPP has Į-form more than ȕ-form, if iPP having more Į-form in structure that was increase 
tensile and modulus [3]. 
In this experiment focused on the incorporation of modification CaCO3 into iPP for improved mechanical 
properties thermal properties barrier properties and high heated resistance for microwavable packaging. So studied 
on E-form isotactic polypropylene (E-iPP) its different spherulitic architecture, the E-form has some unique 
characteristics such as a lower melting temperature and improved mechanical properties (especially the higher 
impact strength) in comparison with the more common D-form. The E-form is thermodynamically metastable and 
difficult to obtain under normal processing conditions. A higher proportion of the E-form can be achieved only by 
melt crystallization with the aid of certain heterogeneous nucleating agents by directional crystallization in certain 
temperature gradients [3]. So studied these the addition of modified CaCO3 with palmitic acid (PA) so called 
nucleating agents is an effective and practical method not only to obtain or increase the E-form in iPP, but also to 
shorten the crystallization time so as to expedite the cycle time of production. Modification of surface CaCO3 with 
PA in order to decrease aggregate of CaCO3 and increase homogeneous phase [4]. 
2. Methodology 
2.1. Materials 
Polypropylene (PP, Mophen HP525N; melt flow index (MFI) 11 g/10 min, density 0.90 g/cm3) was obtained 
from HMC Polymers Limited (Thailand). Calcium carbonate (CaCO3, purity > 98%, density 2.7-2.95 g/cm3) was 
supplied by Polyine CO., Ltd. (Thailand). Sodium hydroxide (NaOH) was supplied by Ajax Finechem Pty Ltd. (New 
Zealand). Palmitic acid (PA) was supplied by Sima-Aldrich Pte Ltd. (Germany). 
2.2. Preparation of modified calcium carbonate 
The CaCO3 was dried at 60qC for 24 hours before the preparation of modified CaCO3. The PA (1, 3, and 5 %wt.) 
was dispersed in NaOH solution under magnetic stirring. CaCO3 was added to the solution for 30 minutes. The 
modified CaCO3 was finally dried at 100qC for 24 hours [5]. 
2.3. Preparation of composite films 
The PP/modified CaCO3 pellets were mixed by twin screw extruder (CTE-D20L800, Chareon) at 190-220qC and 
60 rpm. After that the PP/modified CaCO3 films were prepared by blown films extruder (Lab Tech Engineering LF-
400-COEX) at 170-180qC and 50 rpm. The thicknesses of these films were 40 microns. The compositions of the 
composite films are shown in Table 1. 
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                                Table 1. Formulation of the PP/modified and unmodified CaCO3 films. 
Samples PP (phr) CaCO3 (phr) Modified CaCO3 (phr) 
S1 100 - - 
S2 100 0.5 - 
S3 100 1.0 - 
S4 100 1.5 - 
S5 100 - 0.5 
S6 100 - 1.0 
S7 100 - 1.5 
2.4. Characterizations 
Fourier transform infrared (FTIR) spectroscopic measurements were performed using a FTIR spectrometer 
(Bruker TENSOR 27). FTIR samples were prepared using KBr in order to make small tablets; the analyses were 
conducted within the range 4000 - 400 cm-1. 
X-ray diffraction (XRD) measurment were observed using Bruker AXS advanced x-ray solutions GmbH. XRD 
patterns were obtained at room temperature in the range of 2T equal 5-40q. The scan step size and time per step was 
0.02q and 0.5 s, respectively.  
Mechanical properties of films were determined using with a universal testing machine (Instron model 5965) at 
room temperature according to ASTM D882. The tensile tests were performed at a 50 mm/min crosshead speed of 
and a 5 kN load cell.  
Oxygen permeability (OP) was carried out using OTR analyzer model 8501, Illinois, United States of America.   
Dynamic mechanical thermal analysis (DMTA) was measured in tension mode using GABO QUALIMETER 
testanlagen GmbH. The temperature range used was at -50°C to 50°C with the heating rate of 2 °C/min under liquid 
nitrogen flow. The samples were scanned at fixed frequency of 1 Hz with a static 0.5 N and dynamic 0.2 N. 
Differential scanning calorimeter (DSC) was tested by Mettler Toledo DSC1 STAR SYSTEM with nitrogen as 
purge gas. All sample weights were between 8 mg and all samples were first heated up to 200°C and maintained at 
that temperature for 5 min to eliminate thermal history. Afterwards, the sample was cooled down to -30°C and 
reheated to 200°C again. Both heating and cooling rates were 5°C/min. 
Scanning electron microscopy (SEM) was used to study the morphologies of fracture specimens with a XL30 
SEM. The samples were fractured in liquid nitrogen and coated with gold to avoid electrostatic charging during 
analysis.  
Optical microscopy (OM) of films were observed using light microscope (AxioLab Zeiss) with polarize lens at 
magnifying power 40X. 
3. Results and discussions 
3.1. Characterization for surface modified CaCO3 
The IR spectra of PA, CaCO3, CaCO3/1%PA, CaCO3/3%PA, and CaCO3/5%PA respectively is shown in Fig.1 
and the wavenumber rang of 4000-400 cm-1. A characteristic peaks of CaCO3 were found at the wavenumber of 
2513, 1798, 877, and 712 cm-1, respectively (Fig.1(b)). Modified CaCO3 were found at 2955, 2919, 2873, 2850, 
2513, 1799, 876, and 712 cm-1 respectively [6, 7] (Fig.1 (c-e)). The peak at wavenumber 2956 cm-1 (CH3 
asymmetric stretching vibration), 2918 cm-1 (CH2 symmetric stretching vibration), 2874 cm-1 (CH2 symmetric 
stretching vibration), and 2851 cm-1 (CH2 symmetric stretching vibration) which are assigned at the vibration of 
organic (fatty acid) on CaCO3 surface [6]. Consequently, PA has adsorbed on the CaCO3 surface. 
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Fig. 1. FTIR spectra of (a) PA; (b) CaCO3; (c) CaCO3/1%PA; (d) CaCO3/3%PA; (e) CaCO3/5%PA. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. XRD patterns of (a) PA; (b) CaCO3; (c) CaCO3/1%PA; (d) CaCO3/3%PA; (e) CaCO3/5%PA. 
Fig.2 shows X-ray diffraction patterns of PA, CaCO3, CaCO3/1%PA, CaCO3/3%PA, and CaCO3/5%PA, 
respectively. It is observed that increasing concentration of PA at 1, 3, and 5 %wt. in CaCO3 lead to the XRD peak 
of modified CaCO3. There are no new characteristic peak appearing in the X-ray patterns of the modified CaCO3 
The modification of CaCO3 surface did not cause any changes in the structure of CaCO3 [6]. The decrease in the 
peak intensity could be owing to PA interrupt the ability of crystalline CaCO3 [8]. Components of modified CaCO3 
is shown in Table 2, CaCO3/5%PA had 2 peaks of components. Thus, optimum of modified CaCO3 was 
CaCO3/5%PA. 
                                          Table 2. X-ray diffraction data of modified CaCO3 at different %PA as compatibilizer. 
Modified CaCO3 2T Components 
CaCO3/1%PA 29 CaCO3 
CaCO3/3%PA 29 CaCO3 
CaCO3/5%PA 29 and 21, 23 CaCO3 and Palmitic acid 
3.2. Mechanical properties 
The mechanical properties such as tensile strength, elongation at break, modulus of neat PP film and composite 
films are shown in Fig.3. The elongation at break of all composite films show clearly decrease when compared to 
neat PP film. It can be seen that modification of CaCO3 surface improved the mechanical properties. The tensile 
strength and modulus of modified CaCO3 increased when compared to neat PP film and PP film with CaCO3 
because modified CaCO3 surface exhibited hydrophobic characteristics of PA, thereby promoting adhesion and 
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strong interaction between modified CaCO3 and PP matrix [4, 9]. In the S5 composite film (0.5 phr modified 
CaCO3), the tensile strength and modulus was better all composite films. The excess of modified CaCO3 (1.0 phr 
and 1.5 phr) lead to decrease in the tensile strength and modulus [10]. 
 
  (a) 
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Fig.3. Mechanical properties of composite films : (a) Elongation at break; (b) Tensile strength; (c) Young’s modulus. 
3.3. Oxygen permeability 
The oxygen permeability values of PP, PP/0.5 CaCO3, PP/1.0 CaCO3, PP/1.5 CaCO3, PP/0.5 modified CaCO3, 
PP/1.0 modified CaCO3, and PP/1.5 CaCO3 was 3.22, 3.11, 2.97, 2.83, 3.43, 3.54, and 3.70 u10-17.m.m3/s.m2.Pa, 
respectively (Fig.4). The addition of CaCO3 to PP decreased the permeability slightly. It is generally known that the 
oxygen permeability of polymer/CaCO3 composite films decreased with increase in CaCO3 content. It has revealed 
that the addition of CaCO3 improved the gas permeability affect to create the tortuous path for gas diffusion [11]. 
Furthermore, CaCO3 is impermeable inorganic filler [12] introduce longer path for gas molecules diffusion through 
the film [13]. Nevertheless, the PP film filled modified CaCO3 presented higher oxygen permeability value than 
addition of CaCO3. It may be assumed that modification of CaCO3 by PA result in increased surface hydrophobic of 
CaCO3 owing to long carbon backbone of PA appeared barrier decrease [14]. 
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Fig. 4. Oxygen permeability of composite films. 
3.4. Dynamics mechanical thermal analysis 
                                                   Table 3. Dynamics mechanical thermal data of composite films. 
Samples Tg (qC) E' (MPa) at 25 qC 
S1 6.9 1054.61 
S2 6.2 1079.16 
S3 6.9 1314.72 
S4 7.0 1246.91 
S5 6.6 1429.62 
S6 5.2 1166.21 
S7 5.2 1098.90 
The dynamics mechanical thermal analysis of composite films, with CaCO3 and modified CaCO3 is shown in 
Table 3. It can be seen that the glass transition temperature (Tg) of neat PP showed about 6.9 qC, which is upper than 
value of DSC measurement (Tg ~ -10qC) [15] owing to thermal lag or frequency dependence [16]. Furthermore, Tg 
of neat PP and composite were similar. It has revealed that the films can be use for chilled food packaging 
application (at or below 8ÛC) [17]. The storage modulus (E') of PP/CaCO3 and PP/modified CaCO3 were higher than 
the storage modulus of neat PP. This could be due to the incorporation of CaCO3 and modified CaCO3 increased 
stiffness introduce the PP chains surrounding CaCO3 and modified CaCO3 might be reduced mobility, which also 
cause higher modulus [16]. This results agree with mechanical properties. 
3.5. Differential scanning calorimetry 
The thermal behaviour of specimens was estimated by DSC. The results is shown in Table 4 demonstrate that 
incorporation of CaCO3 and modified CaCO3 into PP led to an increase in melting temperature (Tm). Increasing of 
melting point of PP can be attributed to reduce the flexibility of chains. This results agree with decreasing of 
elongation [18]. As it is seen, addition of CaCO3 and modified CaCO3 to PP causes a slightly reduce in crystalline 
temperature (Tc). A decrease of Tc introduce higher undercooling of the melt and smaller size of spherulites (Fig.7) 
[19, 20]. The heat of melting (¨Hm) of composite films were lower than that of neat PP, indicating dilution effect 
owing to substitution of some PP by CaCO3 and modified CaCO3 [18, 20]. 
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                                                     Table 4. The melting and crystallization data of composite film. 
Samples Tm (qC) Tc (qC) ¨Hm (J/g) 
Crystallinity (%) 
(XRD) 
S1 156.16 120.07 101.17 53.61 
S2 159.87 119.57 86.26 71.31 
S3 159.11 119.32 77.04 57.33 
S4 161.42 119.83 79.18 55.05 
S5 160.37 119.62 79.59 51.15 
S6 160.95 119.72 77.42 57.57 
S7 162.94 119.56 88.01 60.59 
3.6. X-ray diffraction 
The crystalline structure of neat PP and composite films were characterized using XRD. The crystallographic 
planes for D phase of all the films corresponding to (110), (040), and (130) lattice planes, ascribe to diffraction 
peaks at 2T around 14.3q, 16.8q, and 18.4q, respectively can be seen in Fig.5 [22-24]. The composite films with 1.0 
phr CaCO3, 1.5 phr CaCO3, 1.0 phr modified CaCO3, and 1.5 phr modified CaCO3 presented diffraction peak at 2T 
around 16.0q refer to the  E phase (300) [23-25]. It has revealed that the addition of modified CaCO3 was  higher E 
phase peak than the addition of CaCO3. It may be assumed that E phase of PP was promoted by modification of 
CaCO3 [26]. %Crystallinity of neat PP and composite films is shown in Table 4. The incorporation of CaCO3 and 
modified CaCO3 result in %crystallinity increase indicated that CaCO3 and modified CaCO3 act as nucleating 
agents. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. XRD pattern of composite films : (a) PP; (b) PP/0.5 CaCO3; (c) PP/1.0 CaCO3; (d) PP/1.5 CaCO3; (e)PP/0.5 modified CaCO3;                   
(f) PP/1.0 modified CaCO3; (g) PP/1.5 modified CaCO3. 
3.7. Scanning electron microscopy 
The morphology of PP composite films was evaluated by SEM that can be shown in Fig.6. As can be seen in case 
of PP/CaCO3, there were smooth (Fig.6 (b-d)). On the other hand, PP/modified CaCO3 displayed the surface was 
rather rough (Fig.6 (e-g)). This behavior can be explained that PP/modified CaCO3 was ductile fracture, which 
modified CaCO3 by PA promoted adhesion between CaCO3 particles and PP matrix lead to improve the 
compatibility [9, 27]. The addition of 1.5 phr of CaCO3 (Fig.6 (d)) was shown agglomeration of some particle-
particle due to over loading of CaCO3. 
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Fig.6. SEM micrographs of composite films : (a) PP; (b) PP/0.5 CaCO3; (c) PP/1.0 CaCO3; (d) PP/1.5 CaCO3; (e) PP/0.5 modified CaCO3;          
(f) PP/1.0 modified CaCO3; (g) PP/1.5 modified CaCO3. 
3.8. Optical microscope 
 
 
 
   
 
 
Fig.7. Optical micrograph of composite films : (a) PP; (b) PP/0.5 CaCO3; (c) PP/1.0 CaCO3; (d) PP/1.5 CaCO3; (e) PP/0.5 modified CaCO3;       
(f) PP/1.0 modified CaCO3; (g) PP/1.5 modified CaCO3. 
The optical micrograph of composite films was presented in Fig.7. The addition of CaCO3 and modified CaCO3 
induced a high number of small spherulites comparison with neat PP which a distinctly decrease. An increase in 
content of CaCO3 and modified CaCO3 affect to increase crystallization sites [28]. It can be noted that the increase 
of the nucleation density might be the beginning of the improvement in properties [24]. For example, the small 
spherulite led to mechanical properties increase because it has higher surface area. However, both 1.5 phr of CaCO3 
(a) (b)  (c) 
(d) (e)  (f) 
(g) 
(a) (b)  (c)  (d) 
(e) (f)  (g) 
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and 1.0, 1.5 phr of modified CaCO3 introduced agglomerated spherulites as shown in Fig.7 (d,f,g). Increasing of 
them result in mechanical properties decreased. 
4. Conclusion 
The investigations revealed that surface of CaCO3 was modified by PA at 5 %wt. The mechanical, barrier, 
thermal and physical properties of composite films (with CaCO3 and modified CaCO3) were examined. The 
incorporation of modified CaCO3 into PP film increased the dispersion but loading excess content of modified 
CaCO3 resulting in particle agglomeration. The  modified CaCO3 exhibits vital role in increasing the tensile 
strength, modulus and melting point of film.   Consequently, these films can be used for microwavable packaging. 
Further work has also developed improved PP with high flow and good impact/stiffness, increasing energy 
efficiency. Its nucleating agents help improve the balance stiffness and impact properties. The latest product is food 
contact approved and focused on thermoforming molding application. 
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